With recent advances in technology, personal aerial imagery acquired with unmanned aerial vehicles (UAVs) has transformed the way ecologists can map seasonal changes in wetland habitat. Here, we use a multi-rotor (consumer quad-copter, the DJI Phantom 2 Vision+) UAV to acquire a high-resolution (< 8 cm) composite photo of a coastal wetland in summer 2014. Using validation data collected in the field, we determine if a UAV image and SWOOP (Southwestern Ontario Orthoimagery Project) image (collected in spring 2010) differ in their classification of type of dominant vegetation type and percent cover of three plant classes: submerged aquatic vegetation, floating aquatic vegetation, and emergent vegetation. The UAV imagery was more accurate than available SWOOP imagery for mapping percent cover of submergent and floating vegetation categories, but both were able to accurately determine the dominant vegetation type and percent cover of emergent vegetation. Our results underscore the value and potential for affordable UAVs (complete quad-copter system < $3,000 CAD) to revolutionize the way ecologists obtain imagery and conduct field research. In Canada, new UAV regulations make this an easy and affordable way to obtain multiple high-resolution images of small (< 1.0 km 2 ) wetlands, or portions of larger wetlands throughout a year.
INTRODUCTION
. Martin et al. (2012) have brought this to light, using an artificial study identifying randomly placed and randomly covered tennis balls in the hopes that it can provide a crucial positive application to conservation. Researchers have attempted to quantify the accuracy (e.g. Chabot & Bird, 2013; Gómez-Candón et al., 2013) and savings (e.g. Brekenridge et al., 2012 ) of a UAV-based mapping approach. Breckenridge et al. (2012) have found that using a helicopter-style UAV for determining vegetation cover was 45% faster compared to in-field identification. In addition to faster surveys, they found no difference in vegetation cover interpretation between these techniques (Breckenridge et al., 2012) , which could be due to the higher degree of texture seen in UAV imagery as compared to traditional imagery sources like satellites (Laliberte & Rango, The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W4, 2015
International Conference on Unmanned Aerial Vehicles in Geomatics, 30 Aug-02 Sep 2015 , Toronto, Canada 2009 ). An approach with fixed-wing, plane-style UAVs has also been used, which yielded highly accurate images (Koh & Wich, 2012; Chabot & Bird, 2013) . Gómez-Candón et al. (2013) used a quad-copter to produce imagery suitable for monitoring agricultural crops. Moreover, they determined that flight paths 30 metres above ground only required a few ground-control points to maintain spatial accuracy of these images.
In addition to acquiring high-resolution imagery, UAVs can be deployed more often to meet specific research requirements.
Researchers in Germany were able to accurately assess floor-level biodiversity in two forested areas by observing vegetation visible through natural or man-made forest canopy gaps (Getzin et al., 2012) . With advances in three-dimensional image creation and interpretation, Lucieer et al. (2014) used UAVs to map microtopography in Antarctic moss beds to a resolution of 2 cm.
Vegetation structure in canopies can also be ascertained, and combined with the same colour imagery used to create the 3D point clouds for better remote sensing of forest vegetation (Dandois & Ellis, 2013) . Even individual tree heights have been quantified with an error of less than 15% at reasonable flight heights (Zarco-Tejada et al., 2014) . Collecting these types of data are next to impossible with traditional large plane or satellite platforms and these studies provide a glimpse of the possibilities for UAVs to enhance future research.
The use of UAVs in ecological research is rapidly expanding and the capability of these systems can change the way we address problems. When it comes to conservation, aerial imagery is a prerequisite to creating effective management plans. The conventional method, using sensors mounted on planes or satellites, can cost tens or hundreds of thousands of dollars depending on the region of interest (Anderson & Gaston, 2013) .
As well, it can be difficult to obtain imagery for a specific time of interest. For instance, satellites can only obtain photos on days when the image sensor is in line with the study area, and then these photos take time to come to market. Air photos require detailed planning and can be limited by weather and flight regulations. The "ideal" imagery may never be obtained for a study site, and consequently researchers and management agencies often have to settle for whatever imagery is available.
For example, the timing of aerial imagery can limit our ability to investigate animal movement patterns and habitat use, carry out change-detection analyses, and monitor the spread of invasive species. Without seasonal imagery to quantify seasonal habitats, especially in a dynamic wetland system, it can be difficult to improve our management and recovery strategies. 
Study Site
Our study took place in a 90-ha impounded wetland located within a larger wetland complex along the northern shore of Lake Erie, 
MATERIALS AND METHODS

Image acquisition
The conventional images used in this study are from SWOOP The UAV we used in this study was a DJI Phantom 2 Vision+ (DJI, Nanshan district, Shenzen, China), which was operated with Samsung Galaxy S3 (running Android 4.3 "Jelly Bean") and the DJI Vision application. We kept the remote control at factory settings and flew the UAV with both S1 and S2 levers in the upright position. The UAV was operated with the lens in the 90 degrees position for the duration of the imaging process, and all images were acquired from a height of 120 m. We opted to fly the UAV manually rather than use the built-in autopilot system as the latter significantly restricted the area that could be imaged.
Consequently, we were unable to obtain comprehensive coverage of the entire dyked impoundment because after changing the batteries and re-launching the UAV, it was difficult to ascertain where the previous flight path had stopped, and this led to blank spots where image acquisition was missed. We set the camera on the Phantom 2 Vision+ to take photos every 3 seconds (time lapse mode), and set the camera to auto white balance and auto exposure with no exposure compensation. Flight speeds were maintained between 10 and 15 km/h to allow for sufficient overlap in post-processing (i.e. image stitching).
We began flights at 9:00 a.m. on 8 August 2014 and ended at noon. The UAV was operated from a small grassy patch located on the east side of the impoundment. For safe operation, no one was allowed within 30 m during take-off and landing. We attempted to use the GPS coordinates directly from the image metadata for geo-referencing, but the accuracy was too low for this purpose. To avoid skewing the perspective, we excluded points in the corners of the image and used portions of the mosaic that were far from the absolute edges of the stitched images. This correction was necessary because of the short distance between the camera and the ground, which caused objects towards the edges of the frame to be at a slight angle and appear to lean outwards and appear longer. cover. When percent cover was recorded as 41-60%, the result was counted as >50% if only that class existed, or another species of the same class (e.g. Typha and grasses are both emergent) was present in another category other than 0-10% so that total cover would be over 50%.
Statistical analyses
We imported GPS locations from field survey plots into ArcGIS (< 5) and it provides a more robust analysis (Fisher 1964) . We determined that percent cover of SAV was accurately classified with the UAV imagery (p = <0.001; Table 3 ), whereas this was not possible with the SWOOP imagery (p = 1.0; Table 4 ).
RESULTS
We
The UAV imagery was also able to accurately discern percent cover of FL (p < 0.001); by contrast, no FL could be identified in this category in the orthophoto imagery (see Figure 5 ). The UAV and SWOOP imagery were both able to accurately determine percent cover of EM (p < 0.001, Table 6 ; p = 0.0023, Table 7 , respectively) and determine dominant wetland vegetation (p < 0.001 for both).
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W4, 2015 International Conference on Unmanned Aerial Vehicles in Geomatics, 30 Aug-02 Sep 2015, Toronto, Canada Table 3 : A 3 x 3 matrix comparing the UAV classifications to the field classifications for percent cover of submerged aquatic vegetation (p < 0.001). Table 4 : A 3 x 3 matrix comparing the SWOOP classifications to the field classifications for percent cover of submerged aquatic vegetation (p = 1.0). Table 6 : 3 x 3 matrix comparing the UAV classifications to the field classifications for percent cover of emergent vegetation (p < 0.001). The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-1/W4, 2015 International Conference on Unmanned Aerial Vehicles in Geomatics, 30 Aug-02 Sep 2015, Toronto, Canada increased flight times, and we ensured observers were not in the vicinity of our take-off or landing zone.
CONCLUSION
The flexibility of UAVs for research and monitoring will revolutionize the way we address and solve ecological problems. 
